Routine methods for the measurement of glucose in urine are based on the reducing properties of this sugar or on its effects upon the plane of polarized light. With these methods the daily excretion of "glucose" in urine averages approximately 1 Gm. in normal subjects. It has always been appreciated that in normal subjects only a small percentage of the total substances so measured actually represented glucose. The identity of glucose, however, has been established by procedures based on fermentation, glucosazone formation, or chromatography (1, 2); these procedures are poorly suited for quantitative analysis at low glucose concentrations. Recently, a specific and simple enzymatic method for the measurement of glucose in urine has become available and it has been established that young, healthy subjects consistently excrete a small quantity of glucose averaging 115 mg. per day and rarely exceeding 200 mg. per day (3) . This rate of urinary glucose excretion is relatively independent of variations in the dietary carbohydrate intake. The acute administration of carbohydrate-active steroids, however, leads almost invariably to a significant increase of glucose excretion (3) (4) (5) (6) . In most normal subjects this augmented glucosuria does not exceed 3 Gm. In patients with diabetes it may reach 100 to 150 Gm. It is the purpose of this study to investigate the mechanism by which this increased glucosuria is produced. Glucose in normal subjects on control days and during the administration of prednisone in doses known to produce significant glucosuria. The glucose titration procedure was selected since, when repeated in the same individual and under standard conditions, this procedure permits the detection of changes in glucose tolerance and of the renal handling of gradually increasing glucose loads, in addition to measuring glomerular filtration rate and maximal tubular reabsortive capacity for glucose. Renal glucose clearance has also been studied in two patients with Cushing's syndrome with evident disturbance in carbohydrate metabolism. Finally, the effect of cortisol on renal glucose clearance has been studied in two patients with renal glucosuria. These individuals, both of whom exhibited significant glucosuria at fasting blood glucose levels, offered the opportunity of studying the effects of steroids with carbohydrate activity under fasting conditions.
MATERIAL AND METHODS
All studies were carried out on the Metabolic Ward of the Peter Bent Brigham Hospital. Four healthy young male volunteers served as normal subjects. The glucose titrations were started between 9 and 10 a.m. after a fast of 12 hours. Adequate hydration was achieved by the administration of water by mouth. The subjects remained in a semirecumbent position throughout the study. After the urine flow had reached 8 or more ml. per minute, an inulin prime was injected intravenously followed by a sustaining infusion of inulin in 0.6 per cent salt solution at the rate of 8.5 ml. per minute.
In addition, 200 tions were carefully collected from the fingertips after the same amount of glucose was infused over the same thorough arterialization. The sampling of urine and period of time and the urine collections were made at blood was meticulously timed. Furthermore, the studies the same time with relation to the infusion in all studin each subject were timed in an identical fashion, i.e., ies for each subject. (11) , assuming in all studies a hematocrit value of 45 per cent. A validation of this correction was obtained during a glucose titration study in which arterial blood samples were obtained, permitting the determination of plasma glucose as well as blood glucose (Figure 1 ). The mean figures given for maximal glucose reabsorption capacity are based in all studies on the final five to eight periods at which the filtered glucose load exceeded the maximal reabsorption capacity, while the mean figures for glomerular filtration rate represent all measurements made during each study.
RESULTS

Studies in normal subjects
Eleven glucose titration studies were carried out in three normal subjects, first on one (Subject G. S.) or on two control days, then following the administration of 100 mg. of prednisone in two oral doses of 50 mg. each, 12 and 3 hours before the beginning of the infusion, and finally on the fourth consecutive day of prednisone therapy at the dose level of 75 mg. daily by mouth. The results of these studies are summarized in Figure  2 and Table I . In addition, the detailed protocol of the four studies carried out in Subject W. E. is presented in Table II , to illustrate the procedure in more detail. Apparent differences in the profile of the glucose titration curves (Figure 2 ) should be checked against the total amount of glucose actually infused in each instance (Table I) .
The following summarizing statements appear justified: (a) The administration of prednisone led to increased glucosuria in all instances, and this effect was greater after 12 hours than after 4 days of prednisone action. (b) Glomerular (10) . This difference may perhaps be attributed to the specific method for the determination of glucose in blood and urine used in this study. In earlier studies blood and urine glucose were measured by methods based on the reducing properties of glucose. With these procedures the nonglucose reducing substances present in blood during glucose loading account for a significant portion of the "glucose" measured, and the blood "glucose" levels obtained under these conditions may exceed the true values by as much as 30 to 50 mg. per cent. This would result in observed glucose filtration and reabsorption values slightly higher than the true ones.
It is necessary to discuss the somewhat surprising finding that glucose reabsorption showed a tendency to decline in the later periods of the titration studies despite a continued rise in the filtered glucose load and despite the lack of significant concomitant alterations of the glomerular filtration rate. This phenomenon was quite constant in each study carried out in Subjects G. S. (Figure 4 ) and W. E. (Table II) . Similar observations have been made by Smith and colleagues (10) and were tentatively attributed to the selective closure of certain sensitive glomeruli as a result of intrarenal edema due to the administration of large quantities of water and saline. Such an explanation would not seem to apply under the conditions of the studies reported here since the only saline administered was that required to supply the sustaining quantity of inulin in the early portions of each study before the administration of glucose was begun. Moreover, the total quantity of fluid administered did not approach that administered by Smith and co-workers (10) in the studies in which similar results were obtained. It should be recalled, however, that the transfer of glucose from the lumen of the renal tubule to venous renal blood must involve one or more enzyme systems and that a given maximal rate of glucose reabsorption reflects the maximal rate of these reactions. It is quite reasonable to believe that one or the other of these enzymatic reactions could be depressed temporarily during a glucose titration during which a steady state is never achieved. Progressive overloading with glucose as well as the many physiological responses to this loading may well produce temporarily significant alterations of the intracellular environment so closely connected with many aspects of enzyme action. To cite but one example, progressive glucose loading represents a major stimulus for increased insulin secretion; it has 0--Control *-Prednisone (12), although not fully substantiated, that insulin can depress tubular glucose reabsorption. We, therefore, must bear in mind that the physiologic responses to a prolonged intravenous infusion of large quantities of glucose may in themselves influence the functions we are trying to study.
The primary purpose of this study was that of exploring the origin of the glucosuria that follows the acute administration of compounds with glucocorticoid activity. It is well known that the administration of glucocorticoids or of adrenocorticotropic hormone (ACTH) frequently leads to elevated fasting and postprandial blood glucose levels (4) (5) (6) . It is also well established that the glomerular filtration rate often increases during glucocortoid administration (13, 14) . Both these factors increase the filtered load of glucose and their combined effect could be sufficient to exceed the normal tubular reabsorption capacity for glucose. In addition, a depression of tubular glucose reabsorption, as a result of glucocorticoid action, has frequently been invoked. This effect has been described in patients with essential hypertension (15) and in premature infants (16) treated with ACTH and cortisone. Other investigators, however, have failed to demonstrate a depression of maximal glucose reabsorption capacity after the administration of ACTH and cortisone to normal subjects (17) and patients (18, 19) .
In the studies reported here the administration of either prednisone or cortisol uniformly resulted in either some impairment of glucose tolerance, or an increased rate of glomerular filtration, or both. The glucocorticoid-induced increased glomerular filtration rate was more striking in the subjects with relatively low initial values. When glucose titration was performed four days as well as 12 hours after the beginning of prednisone administration, glomerular filtration rate remained elevated whereas glucose tolerance was less impaired after four days then had been the case after 12 hours of hormone action. As a result, the proportion of administered glucose excreted in the urine was least in the control studies, highest in the studies carried out 12 hours after initiation of prednisone administration, and intermediate or almost normal on the fourth day of prednisone therapy. The improved glucose tolerance on the fourth day accounted for the observed decrease in glucosuria and is in agreement with data collected during the administration of prednisone for two consecutive days to 30 healthy males. In this instance a greater quantity of glucose was, as a rule, excreted on the first day of therapy. The improvement in glucose tolerance on continued glucocorticoid therapy has been attributed to mechanisms of counter regulation among which a compensatory increase in insulin secretion is likely to play a significant part. The combined effects of prednisone or cortisol on glucose tolerance and on glomerular filtration were adequate to explain the increased glucosuria. In no instance did the administration of prednisone or cortisol result in a lowered maximal glucose reabsorption capacity or in increased glucosuria at glucose loads below the maximal reabsorption rate. The studies in the two patients with a limited and relatively fixed tubular capacity to reabsorb glucose again failed to show any further lowering in tubular glucose reabsorption as a result of cortisol administration. In addition, these two studies should be discussed with regard to their contribution to the characterization of the action of cortisol on carbohydrate metabolism in man. Both patients were subjected to a preliminary fast of 16 hours in the face of continued loss of glucose in the urine. Under these conditions the utilization of glucose by tissues such as muscle is known to decrease to a minimum (20) and blood glucose needed for utilization by tissues such as brain is provided almost exclusively by hepatic gluconeogenesis. It is of great interest to find that under these conditions the administration of cortisol resulted, within two to four hours, in a highly significant increase in both blood and urine glucose. Since an initial decrease in blood glucose was not observed it is likely that the renal effect is secondary to the extrarenal effect. The extrarenal effect, on the other hand, must almost of necessity primarily consist of an increased hepatic gluconeogenesis. These observations in man are, of course, in agreement with the more definitive studies which have been carried out in animals (21) (22) (23) , both as to effects and as to the time required for their appearance. The authors are well aware of further studies, carried out under quite different conditions, and which have been interpreted as suggesting additional glucocorticoid effects on some phase of glucose utilization (24) (25) (26) .
In two patients with Cushing's syndrome and "steroid diabetes" measurements of maximal glucose reabsorption capacity were within the normal range, but more information will be needed in order to state that tubular glucose reabsorption is usually normal in Cushing's syndrome. Since glucose titrations were not carried out, no statement can be made with regard to glucose excretion at lower glucose loads in these two patients. SUMMARY 1. The mechanism of the glucosuria produced by the administration of steroids with glucocorticoid activity has been investigated in four healthy young males using a specific enzymatic method for the determination of glucose in blood and urine. Each subject served as his own control. Glucocorticoid administration resulted in impaired glucose tolerance and an increased rate of glomerular filtration. The combination of these two factors adequately accounted for the glucosuria produced. In no instance was the maximal glucose reabsorption capacity affected significantly, nor was increased glucose excretion noted at glucose loads below the maximal reabsorption capacity.
2. Two patients with renal glucosuria leading to measurable urinary glucose excretion at fasting blood glucose levels were given intravenous infusions of cortisol over 10 hours during a prolonged fast. Blood glucose increased markedly in both subjects and urinary glucose excretion in-creased from 10 to 35 mg. per minute and from 4 to 32 mg. per minute, respectively. The simultaneous increase in both urine and blood glucose levels during cortisol administration and while fasting is best interpreted as suggesting an increased rate of hepatic gluconeogenesis. Increased glomerular filtration contributed to the increased urinary glucose excretion. Tubular glucose reabsorption was not significantly altered.
3. Maximal glucose reabsorption capacity was measured in two patients with Cushing's syndrome and glucosuria and was within normal limits in both instances.
